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TABELLE 2: Übersicht aller untersuchten Materialien 
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ABBILDUNG 2: Untersuchte Komposite im Überblick; nicht abgebildet: Entwicklungsmuster
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TABELLE 3: Übersicht zu Estelite Sigma Quick 
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TABELLE 4: Übersicht zu Estelite Posterior 
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TABELLE 5: Übersicht zu Filtek Supreme XTE 
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TABELLE 6: Übersicht zu Filtek Z500 
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TABELLE 7: Übersicht zu Ceram x mono 
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TABELLE 8: Übersicht zu GrandioSO 
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TABELLE 9: Übersicht zu Venus Diamond 
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TABELLE 10: Übersicht zu Tetric EvoCeram Bulk Fill 
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TABELLE 11: Übersicht zum Entwicklungsmuster; weitere Angaben sind nicht verfügbar 
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TABELLE 12: Übersicht zu Enamel plus HRI – Universaldentin UD3 
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ABBILDUNG 3: Herstellungshilfe für stäbchen-
förmige Prüfkörper 
ABBILDUNG 4: Herstellungsverfahren der 
Prüfkörper für den Druckfestigkeitsversuch 
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ABBILDUNG 5: Versuchsaufbau zur Bestim-
mung der Verfärbungsneigung 
 
ABBILDUNG 6: Abrasionsrad mit 12 Kammern, 
außerdem provisorischer Kunststoff, AlMg-
Legierung und Komposit angedeutet 
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ABBILDUNG 7: Prüfkör zur Bestimmung der 
Polierbarkeit 
 
ABBILDUNG 8: Prüfkörper zur Bestimmung 
der Röntgenopazität 
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ABBILDUNG 9: Schematische Darstellung des 3-
Punkt-Biegeversuchs 
 
ABBILDUNG 10: 3-Punkt-Biegeversuch an der 
Universalprüfmaschine 
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ABBILDUNG 11: Versuchsaufbau zur Bestim-
mung der Vickers-Härte 
 
ABBILDUNG 12: Impressionen der Diamant-
Pyramide in Kompositproben 
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ABBILDUNG 13: Bestimmung der Polymerisations-
schrumpfung mittels DMA7 
 
ABBILDUNG 14: Schematische Darstellung 
der Polymerisationsschrumpfung; von oben 
nach unten: Stempel, Deckplättchen, Kompo-
sit, Messingformer, Glasteller, Lichtleiter 
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ABBILDUNG 20: Mittlere Massezunahme der Komposite in %. Auf der Abszisse dargestellte Ge-
wichtsmessungen fanden während der ersten Woche täglich, danach wöchentlich statt. 
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ABBILDUNG 26: Röntgenopazität der Komposite in Prozent Aluminiumgleichwert 
weiße Linie: Röntgenopazität von humanem Zahnschmelz; gelbe Linie: Röntgenopazität von Dentin 

1 ,25'!)*3,%1+312#0 JK 12!&  #' "#0 #12'++3,% "#0 :,2%#,-.8'292 +'2
]_\c*3+','3+%*#'!&5#02 '+ #1-,"#0#,;#&#031C13*)D-+.-1'2 JK
&- 1'!&+'2Z_]c# #,$**1.-1'2'4 C'#'$$#0#,8'#03,%#,85'1!&#,"#,"03$
$-*%#,"#,0-"3)2#,50#,%#0',%#0@ *%#, (#"-!&+'2#02#,4-,#25ZWWc'+D
+#0,-!&5#'2< #0"#,#,4-,#,2',JXX_cK3,"!&+#*8JYX\cK@5#*!&#',AB-
BILDUNG 26 "30!&85#'&-0'8-,2*#','#,%#)#,,8#'!&,#2 1',"C'#0-"3)2#+'2
"#,1!&59!&12#,:,2%#,-.8'292#,#00#'!&2#,Y[`cJK@Y[YcJK3,"YX[c
JK 3," *%#,"+'2 ,&# +'!&25#02 $<0 &,1!&+#*8C#0"0%#12#**2# #&*#0D
 *)#,#,21.0'!&2(#5#'*1X[0-8#,2.3,)2#,3," #8'#&21'!&3$"'#"30!&1!&,'22*'D
!&#,!&5,)3,%#,"#1	#**'%)#'211#,1-01 #'+31+#11#,"#0:,2%#,3$,&+#,C
W
XWW
YWW
ZWW
[WW
\WW
]WW
^WW
_WW
         
:
,2%
#,
-.
8'
292
',

c
*3
+'
,'3
+%
*#'
!&
5#
02

57 
6/:(!"#""!$ $


FK=$( , )&3' ,$-.$)(--#,/'*!/(" ,/(. ,-#$ &$# ()'*)-$. $(N
 
'# ', 
 Y^ "0%#12#**2#, 0%# ,'11# $<0 "'# *',#0# -*7+#0'12'-,1D
1!&03+.$3,%50#,'+.-1'2'4#,',,#< #001!&#,"B150,# #,'*-0,#,3!&
+'2 &#0):++*'!&#,-+.-1'2#,+:%*'!&@ !&03+.$3,%#, 4-, 3,2#0 #',#+0-8#,2
83#00#'!&#,@5'#"'#0-"3)2#0,"'-JK+'2W@^_c3,"'*2#)3.0#+#
JK+'2W@`Zc #5'#1#,C3!&,"#0#-+.-1'2#)+#,"#0Xc0#,8#+'2X@W]c
JK@ X@W^c JK3,"X@XXc JK 1#&0,&#C#0)*#',##&*#0 *)#,5#*!&#0 #'
12#*'2#-12#0'-0$#12%#12#**2530"#@1.0'!&2$<0 #1-,"#01%*#'!& *#' #,"#0%# ,'1D
1#< #0"'##013!&10#'&#,&',5#%C1$-*%2#,"'#0-"3)2##0+6+-,-+'2X@Z^c
3,"12#*'2#'%+3'!)+'2X@Z_cC	:&#0#!&03+.$3,%#,5'#1#,#,31'+-,"
JX@]]cK 3," "1 ,25'!)*3,1+312#0 JX@]_cK 3$C 1 ,'4#01*"#,2', "#0 '0+
#00#'!&2#*1#',8'%#10-"3)2#',#,#024-,85#'0-8#,2C
+'2*%"'#-*7+#0'12'-,11!&03+.$3,%"30!&1!&,'22*'!& #'X@ZcC

W@W
W@\
X@W
X@\
Y@W
Y@\
         
-
*7+
#0'
12
'-,
11!
&0
3+
.$3
,%
',
c

58 
6/21(!"#"#

FL=)&3' ,$-.$)(-.$ !  ,/(. ,-#$ &$# ()'*)-$. $(''
'2 "#0 ', .'2#* [C\CXW  #1!&0'# #,#,#013!&1,-0",3,% )-,,2#, **# 0-"3)2#
.0- *#+*-131%#&902#25#0"#,C'#,!&	#012#**#0,% #,%0,2'#02#-*7+#0'1D
2'-,12'#$#4-,Y++ 85C[++J#20'!4-#0+3*)'**K #'310#'!&#,"120)#0
'!&2*#'123,%),,4-,**#,-+.-1'2#,*1#00#'!&2,%#1#&#,5#0"#,C
#,,-!& %  #1,2#01!&'#"#  #' "#, ', 
Y_ "0%#12#**2#, 0%# ,'11#,
"#00-"3)2#B#* 12"1',%#0',%12#0!&'!&2"'!)#.-*7+#0'1'#02#2#0'*0,"'-D
 JK#00#'!&2##',#,#024-,]@_eW@X++C1 $-*%2#,"'#0-"3)2##,31'D
+-," JK@ 3," 12#*'2# -12#0'-0 JKC &,# 1'%,'$'),2# ,2#01!&'#"# $-*%2#, "'#
-+.-1'2#+'2"#,<08#*,@@@1-5'#C'*2#)3.0#+#JK&902#2#
+'2 _++*1 "'#1 #8<%*'!& )-,4#,2'-,#**#1-+.-1'2 ', "#0 1290)12#, !&'!&2 31C
13*)D'**-+.-1'2#20'!4-#0+< #020$1#',#-,)300#,2#,',"'#1#+#0D
13!&#05023,%1%#+9;C#0#013!&13$ 312'#; #'"'#1#+0-"3)2,1#',#0#,D
8#,B**#0<$):0.#0"#12#0'*1< #0"'#4-**#9,%#4-,XW++"30!&%#&902#2
50#,@*'#;1'!&)#',#6)2#0#02 #8'$$#0,C
\@W
\@\
]@W
]@\
^@W
^@\
_@W
_@\
`@W
`@\
XW@W
         
-
*7+
#0'
12
'-,
12'
#$#
',
+
+
59 
6/22"#!#!!" "#!"$$
!&$-*%#," 1'," $<0 (#"#1-+.-1'2 "'# #*#)20-,#,+')0-1)-.'1!&#,'*"#0 (#5#'*1
#',#0!&*'$$$*9!&#3,"#',#003!&$*9!&#',YWWWD$!&#0#0%0:;#03,%"0%#12#**2C
#'"#03$,&+#+#2&-"#@"'#$<0"'#!&*'$$ '*"#04#05#,"#2530"#@530"##',&#*D
*#0#0'*" #0#'!&"30!& #',#	93$3,% 4-,*#+#,2#,+'2 &-&#00",3,%18&* -"#0
 #0"30!&#',# #11#0##*#)20'1!&##'2$9&'%)#'2"#12#0'*1'+#%#,128830+D
%# 3,%!&0)2#0'1'#02C<**12-$$D02')#*12#**2#,1'!&*1&#**#0#@+3*2'$-0+#*9!&#,
"0@ 5#*!&# ', "'# "3,)*#0 #01!&#',#,"#@ 5#'2%#&#," &-+-%#,# -0%,'1!&#20'6
#',%# #22#250#,C
'#	#**'%)#'213,2#01!&'#"#"#003!&$*9!&#,)-,,2#,3$%03,""#1%#59&*2#,3$D
,&+#+-"31 *1 "1 '!&2D 3," !&22#, .'#* #',#1  #0$*9!&#,0#*'#$1 ,%#1#&#,
5#0"#,C
,-.02')#*50#,',YWWWD$!&#0#0%0:;#03,%,-!&,'!&283#0)#,,#,C
I>EE>E-. &$. $"'/$%


FM=-. &$. $"'/$%
FDDD2#&$!!


GD=-. &$. $"'/$%
FDDD2,/#


+!&*'$$ '*"J
Y`K12#**#,1'!&"'#<**):0.#0*102')#*3,#',&#'2*'!&#0
-0+"0C'#02')#*"30!&+#11#08#'%#,#',%0-;#1@31%#%*'!&#,#1.#)203+C#'
%#,3#0#0 #20!&23,% $9**2 #',# 0  123$3,% ',,#0&*  "#0 <**):0.#0 ',1 3%#@
5#*!&#3$85#'3,2#01!&'#"*'!&#2#0'*)-+.-,#,2#,1!&*'#;#,*9112C
'# ', 
 ZW "0%#12#**2# 03!&$*9!&# #01!&#',2 4#0%*#'!&15#'1# &-+-%#,
3,"# #,+9;'%C'#5'#31%#20-!),#2#$<28#,#01!&#',#,"#,9*#0J8CC+'22'%'+
*',)#,'*""0'22#*K):,,2#,"'##%2'4#4-,%0-;#,&#031%#*:12#,<**):0.#0,"0D
12#**#,C

60 
 

GE=*#5,$-# ()?8&&-.)!!  $EDDDD2 ,",67 ,/("0)(-. &$. $"'/$%


, "#0 +6'+* +:%*'!&#, #0%0:;#03,% "#1 *#)20-,#,+')0-1)-.1 1'," "'# 4-+
	#012#**#0  #1!&0'# #,#, 1.&90'1!&#, ,-.02')#* 4-, #25 W@X k+ 30!&+#11#0
%32 #0)#,, 0C 
+ !&*'$$ '*" J
ZXK $<%#, 1'# 1'!& &0+-,'1!& 85'1!&#,
"#, %0:;#0#, <**):0.#0, ', "'# -0%,'1!&# 3,1212-$$+20'6 #',C '# - '%#   '*D
"3,%'12"'##',8'%#012#0#*#)20-,#,+')0-1)-.'1!&#3$,&+#@ #'"#0"'#,-.0D
2')#*#',#13,2#013!&2#,-+.-1'21"'0#)21'!&2 0%#+!&25#0"#,)-,,2#,C#'*D
*#, ,"#0#, 0-"3)2#, )-,,2# ,30 ,%#,-++#, 5#0"#,@ "11 1'!& 85'1!&#, "#,
)-,4#,2'-,#**#,<**):0.#0,,-.02')#*',"'#20'6#',%*'#"#0,C
I>EE>F-. &$. )-. ,$),


GF=-. &$. )-. ,$),FDDD2
#&$!!


GG=-. &$. )-. ,$),FDDD2
,/#

61 

+ !&*'$$ '*" J
 ZYK '12 "'# &,*'!&)#'2 83+ 4#05,"2#, 12#*'2# '%+
3'!)3,4#0)#,, 0C3$$9**'%1',""'#8&*0#'!&#03$20#2#,"#,3,1!&0$ #%0#,82#,@
"3,)*#,*#!)#,',"#020'6C
'#03!&$*9!&#31
ZZ8#'%2'+,2#01!&'#"8312#*'2#'%+3'!)#',
#&#0 8#0)*<$2#2#1 '*" +'2 #',#0 1!&90$#0  %#%0#,82#,  #0$*9!&#C 3!& &'#0 1',"
)*#',#0#"3,)*#*#!)#,#0)#,, 0@5#*!&#,'!&285#'$#**-1+'2#02'#$3,%#,'+#*'D
#$',#0 ',"3,%83 0',%#,1',"C
I>EE>G$&. %/*, ' 

GH=$&. %/*, ' 
FDDD2#&$!!

GI=$&. %/*, ' 
FDDD2,/#
'#<**):0.#04-,'*2#)3.0#+#J
Z[K1',"< #05'#%#,"03," '1
-4*C#0 &#**#0 #01!&#',#,"##0, #',#1 (#"#,<**):0.#01 '12 4-, #',#0 "3,)*#0#,
,"8-,# 3++,2#*2C  #' 5'0)2 "1 #,203++,!&#0@ 1#*2#, 3$20#2#,"#0 <**D
):0.#0 #1-,"#01&#**J4%*C- #0#10#!&2#1'*""0'22#*KC
'# 1!&0$),2'% 5'0)#,"# 03!&$*9!&# J
 Z\K #0',,#02 +'2 '&0#0 %0- 
1203)230'#02#,@1!&-**#,02'%#, #0$*9!&#,"'#',"##',#0'#$#0C
62 
I>EE>H$&. %IDD

GJ=$&. %IDDFDDD2#&$!! 
GK=$&. %IDDFDDD2,/#

,
Z]#01!&#',#,"'#)*#',#0#,<**):0.#0#&#003,"*'!&@5-&',%#%#,"'#
%0:;#0#,@5'##25'+3,2#0#,0#!&2#,'*""0'22#*#',#3,%*#'!&+9;'%#0#-0+D3,"
0 %# 3,% 3$5#'1#,C 3$$9**'% '12 5#'2#0&', "#0 !&5#'1 4-, 09.-*7+#0'12#,B
#0#'21.-*7+#0'1'#02#1-+.-1'2%*#'!&#031++#,1#283,%530"#"#0-&+11#',
%#+&*#,#0-0+83%#1#2823,"12#**21'!&'+D'*"#251&#**#0"0C+*',)#,
- #0#,'*"0,"'12#',1-*!&#109.-*7+#0'12,%#1!&,'22#,C
'# 03!&$*9!&# ',
Z^ '12 )*#',1!&-**'%  '1 8#0)*<$2#2C &0)2#0'12'1!&#
#1-,"#0&#'2#,1',",'!&23183+!&#,C
I>EE>I ,'2')()

GL= ,'2')()FDDD2
#&$!!

GM= ,'2')()FDDD2
,/#
'#1!&0$),2'%#,<**):0.#04-,#0+6+-,-J
Z_K#01!&#',#,1#&0
"'!&2%#.!)23,"1',"'+',,#0#,&-+-%#,C9&0#," #',"#0#,0-"3)2#,4#0#',D
8#*2 1#&0 %0-;# 02')#* %#$3,"#,5#0"#, ):,,#, J4%*C 0,"'- -"#0#,31'D
63 
+-,"K@ < #012#'%#, "'# &'#0 ,%#1!&,'22#,#, <**):0.#0 #',#,  #12'++2#, 0#,8D
"30!&+#11#0,'!&2C1$',"#,1'!&4#0#',8#*2"3,)*#0#*#!)#,',"#020'6C
3!& ',"#003!&$*9!&#J
Z`K1',"1#&0"3,)*#3,)2# 85C*#!)#,83
#0)#,,#,@5#*!&#3$"'##&*12#**#,&#031%#0'11#,#0<**):0.#01!&*'#;#, *11#,B
#1-,"#01'+0:;#,4#0%*#'!&+'2"#0!&*'$$$*9!&##0)#,,2+,3$"#08#0)*<$2#2#,
 #0$*9!&#"'#'*&-3#22#,3,89&*'%#0<**12-$$.02')#*C
I>EE>J,($)

HD=,($)FDDD2#&$!! 
HE=,($)FDDD2,/#

,
[W #01!&#',#,,# #, 8&*0#'!&#, )*#',#0#, <**):0.#0, 3!& #','%#
%0-;# '11#&0%0-;#02')#*&-+-%#,#02#0'*1203)230C5'1!&#,%0:;#,"#0.-D
*7%-,*#01!&#',#,"#,<**):0.#01',"#&#01#*2#,83$',"#,C
'# ', 
 [X "0%#12#**2# 03!&$*9!&# 8#'%2 #',# 1#&0 ',&-+-%#,#@ 03#
203)230C11',"8&*0#'!&#@*1#!)'%#G#0%1.'28#,F&#0310%#,"#<**):0.#0@1-D
5'#"'#"3,)*#, '1 1!&508#, G02#0F *1"#0#,&#031%#0'11#,##%#,12<!)# 83
#0)#,,#,C
64 
I>EE>K (/-$')(

HF= (/-$')(FDDD2
#&$!!

HG= (/-$')(FDDD2
,/#
'##02#'*3,%"#0,-0%,'1!&#,&1#"#10-"3)2#1#,31'+-,"J

[YK 9&,#*2"#+834-0%#8#'%2#,0,"'-120)B&*0#'!&#)*#',#<**):0.#05#0D
"#,"30!&5#,'%#0&93$'%#@4#0%*#'!&15#'1#1#&0%0-;#02')#*#0%9,82C'22#*%0-;#
203)230#, $#&*#, $12 4:**'%C **# <**):0.#0 #01!&#',#, '+ ',,#0#, &-+-%#,C #&0
1#*2#,J'+"0%#12#**2#,'*",30"'0#)2+3,2#0#,'*"0,"0#!&21K1',"203)230#,
#0)#,, 0@"'#,"3,)*#<**):0.#0#0',,#0,@5- #'"'#3,)#*&#'2 #,!& 02##D
0#'!&#< #0"#!)2 85C< #0120&*2C
#20!&2#2 +, "'# 03!&$*9!&# J
 [ZK@ 1- $**#, 1-$-02 %0:;#0# %*22#
203)230#,@2#'*5#'1#4-,+#&0*1XWk+30!&+#11#0',13%#@"'#1'!&%# 0-!&#D
,#,<**):0.#0,83-0",#, *11#,C3 1#&#, '12 #',#"#002'%#203)230 '++'22*#0#,
'*" #0#'!&+'2831928*'!&$9!&#0D02'%31%#1.0#,%2#003!&*','#C
I>EE>L .,$0) ,'/&%$&&

HH= .,$0) ,'/&%
$&&FDDD2#&$!!

HI= .,$0) ,'/&%
$&&FDDD2,/#
65 
#'+ #',8'%#, 3*)D-+.-1'2 '+ #12 J
 [[K $**#, 1-$-02 %0-;# ,2#'*#
4-, #0#'21 #1!&0'# #,#,09.-*7+#0'12#,3$J8CC*',)#0- #0#0'*" #0#'!&KC31
"#,0 3,2#01!&'#"#, *91121'!&1!&*'#;#,@"11-$$#, 085#'3,2#01!&'#"*'!&#0D
2#,4-,<**):0.#0,4#05#,"#25#0"#,B','%# $125#';#02')#* 12#!&#,31"#,
8&*#,+9;'%< #05'#%#,"#,@"3,)*#0#,#'*!&#,&#031C'#<**#0D02')#*1'," #'
"'#1#+0-"3)24#0%*#'!&15#'1#)*#',%#&*2#,B#* 12"'#5#,'%#,@ $<0"'#1#,2-$$
%0:;2#,.*'22#0#00#'!&#,)#',#Yk+'+30!&+#11#0C
3$"#003!&$*9!&#1',",# #,"#00#!&2"'$$'8'*#,#',1203)230+'28&*0#'!&#,)*#'D
,#,02#0,3,"1.'28#,0&# 3,%#,3!&,-!&"0< #0%#*%#02#@%0:;#0#203)23D
0#,4-0&,"#,C'#1'," #1-,"#01%32#0)#,, 0@5#,,+,
[\31"#0
#0,#  #20!&2#2C '# 0:;#,9&,*'!&)#'2 "'#1#0 203)230#, 83 "#, ,%#1!&,'22#,#,
09.-*7+#0'12#,*91123$+:%*'!&#05#'1#1222%#$3,"#,#"&91'-,1 0<!&##,2*,%
"#009.-*7+#0'12D0#,8#,1!&*'#;#,C
I>EE>M(.1$%&/("-'/-. ,

HJ=(.1$%&/("-'/-. ,
FDDD2#&$!!

HK=(.1$%&/("-'/-. ,
FDDD2,/#
'#)*#',#,@3,0#%#*+9;'%%#$-0+2#,<**):0.#0"#1,25'!)*3,%1+312#018#'%#,',

[]#',#,1#&0120)#,&#**D"3,)#*D-,20128303+%# #,"#,20'6C
&0#
30!&+#11#0 #00#'!&#, )3+ Z k+C 3$$9**'% 1'," 4#0#',8#*2  '1 1#*2#, 3$20#2#,"#
203)230#,@"'#,-!&"3,)*#0*1"'#3+%# #,"#20'61',"3," '+0:;#, #0#'!&
"#0<**#0*'#%#,@5'##25'+0#!&2#,+'22*#0#,'*""0'22#*C
'#03!&$*9!&# ',
[^#05#!)2"#,',"03!)4-,)*#',#, '1+'22#*%0-D
;#, !&-**#,@ "'# 5'# 0,"3,%15#**#, ',#',,"#0 < #0%#&#,C ',8#*, &#031 12#D
!&#,"#<**):0.#01',",'!&2$#128312#**#,C
66 
I>EE>ED($0 ,-& (.$(G(' &*&/-	


HL=($0 ,-& (.$(G
(' &*&/-	
FDDD2#&$!!

HM=($0 ,-& (.$(G
(' &*&/-	
FDDD2,/#
'#<**):0.#0"#1',
[_"0%#12#**2#,0-"3)2#11',")*#',3,"1!&#',D
 0 "'!&2 %#.!)2C ', 1#&0 &-&#0 -,2012 85'1!&#, <**):0.#0, 3," -0%,'1!&#0
20'6'12$#128312#**#,C
#03$ 3"#003!&$*9!&# J
[`K5'0)25#,'% 1203)230'#02C ',# 1!&-*D
*#,02'%##1!&$$#,&#'2 '12&'#0,'!&2 83#0)#,,#,@"'# #0$*9!&# '12#&#03,0#%#*D
+9;'%8#0)*<$2#2C
6/23!"!!#

, "#0 ,!&$-*%#,"#,TABELLE 18 1'," 31%#59&*2# 0%# ,'1)-00#*2'-,#, "0%#D
12#**2C 	-!&1'%,'$'),2 )-00#*'#02# "'# 03!)$#12'%)#'2+'2 "#0 0 12 '*'292C '%,'$'D
),2# -00#*2'-,#, )-,,2#, 85'1!&#, 0 12 '*'292 3," 11#03$,&+#@ 	902#
3," 03!)$#12'%)#'2@ 	902# 3," 0 12 '*'292@ <**12-$$%#&*2 Jc #5CK 3,"
0 12 '*'292 1-5'# <**12-$$%#&*2 Jc -*CK 3," 	902# %#$3,"#, 5#0"#,C 11 #',
&-!&1'%,'$'),2#031++#,&,%85'1!&#,"#,<**12-$$%#&*2#,,!&#5'!&23,"
-*3+#, #12,"@5083#0502#,C
67 
T
A
B
E
L
L
E
 1
8:
 S
pe
ar
m
an
-R
ho
 K
or
re
la
tio
ne
n 
de
r 
E
rg
eb
ni
ss
e 





#







#






#






#


#


	







"
#





 



#

$


%



#



 

 
!


#
#"







#



 

$
$ 


%$



##

$
 %









#



 

%
!&

 
!$

&
%'



#

#












#


 

 
''


 %


'

!
 


"
 

%
 $

&
!

!
$#










	


#



 

#
$

 
"&

%
'

%
#&


%$



!$

"
&'


  




$
 %













"
#



#


 


$


!'


$

 
%!


 %

!
 


%
#

%


'
&%

"
"$

%
 $

!
$#














 


#



$


%
 

"
%$

 
&$

"
%$

%
!&


'

$
$%

 
$ 


 
!!

"
'!

 
!!


!%

$
#


%

#
!


&
&
&
&
&
&
&
 


#



$	
"
%
 


""

!
#%

 
&$

$
'

 
"

&


"
# 

'
$"


%
!"

!
&#

"
'!


 

$



#

 
$





&
&
&
&
&
&
&
%














#





	











	





















	











	

 













68 
 
%!%* !*6$(.!%$!*!./1$!*#!3+**!*!*.#!*%//!/+((!**1*2+. !)
	%*0!.#.1*  !.'01!((!*%0!.01.'.%0%/$!0.$0!01*  %/'10%!.03!. !*@!%
3%.  !/+* !.!/1#!*)!.' 1"  %!*(5/!  !. !./1$/2+./$.%"0!* #!(!#0@!%A
0!.$%*/+((!*!.1$*#!* !.	!./0!((!.)%0 !*2+.(%!#!* !*!.0!*2!.#(%A
$!*1* !03%#!3!%$1*#!*$!.1/#!.!%0!03!. !*@
,&'	
!% !*1*0!./1$0!*+),+/%0!*$* !(0!//%$=3%!!.!%0/!/$.%!!*=1)**+A
0!$*+(+#%/$+,0%)%!.0!0!.%(%!*@%!3!%/!*%)!.#(!%$61 !*/+*/0#!.71$A
(%$!*	5.% '+),+/%0!*2!.!//!.0!0!.%(!%#!*/$"0!*1"G$!*LJKJ=.)!.
!0(@LJKKH@1//$(##!!*  ":.%/0*%$061(!060!%*!/+* !./$+$!.:((/0+""#!A
$(0= !.!% !*1*0!./1$0!*+),+/%0!*%/61RSV!3%$0/*0!%(!0.7#0@
3+$(/%$ %!#!/$)!% %#!*63@"(%!9"7$%#!*(+3A+),+/%0!!%'(%*%/$070%#!*
$*7.60!* !%*!. 61*!$)!*  #.89!.3!. !* !. !(%!0$!%0 !.".!1!*= 31. !* 1/A
/$(%!9(%$ /0+,".! 0!.%(%!* 1*0!./1$0@ 1.$ !%*!* $8$!.!* :((/0+""#!$(0
/%* /%!*%$0*1.!6:#(%$%$.!.)!$*%/$!*%#!*/$"0!* !*(+3(!/:!.(!A
#!*1* (/!"!.!*661!0.$0!*@!.
* %'0%+*/!.!%$/0+,".!.+),+/%0!%/0
3!/!*0(%$3!%0!.#!"//0G	7.03%#!0(@LJKJH@
!%0!.$%* /%*  ((! 0!.%(%!* 1//$(%!9(%$ (%$0$7.0!* @ 1(! 	7.0!)!$*%/A
)!*=3%! /%! 6@@ !% !"!/0%#1*#/'+),+/%0!**3!* 1*# "%* !* G !0 (@ LJJSH=
(%!#!**%$02+.@
 %2!./!0!.%(!%#!*/$"0!*=!/+* !./!. %!1.$$7.0!0%!"!!'**0!.A
9!*2+* !..!$7*#%#/%* G/%!0(@LJJNH=31. !*((!.+ 1'0!%* !./+A
3+$( '(%*%/$ (/ 1$ 61+./$1*#/63!'!*#!.71$(%$!* G#$!0 (@ LJJL=
%#1/$!0(@LJJQ=1.0%/!0(@LJJSH$*".!M1*0!./1$0@%*!1/*$)!%( !A
0! /+),+/%0%(0!'1,.!)!@ 
*!%*%#!*= %!/!6:#(%$1*! !*'(%$!*!.A
/1$!* 31. ! $%!. 1"#.1*  2+* 0!.%(!*#,7//!*  %! 0.*/(16!*0! 1/":$.1*#
2!.3* 0@
((!1*0!./1$0!*+),+/%0!31. !*2+* !* &!3!%(%#!*	!./0!((!.* %*1/.!%$!*A
 !.!*#!61.!.":#1*##!/0!((0@
69 
,&(	
!% !*!.)%00!(0!*.89!*$* !(0!//%$/0!0/1)+.A.)!0!.=3!($!+,0%)(
2!..!%0!0! 1*  )4%)( ,+(5)!.%/%!.0! +),+/%0! 61. .1* (#! $!*@ %!/!
!/0)8#(%$!*= /0* . %/%!.0!* ! %*#1*#!* '8**!* %*  !. .4%/ (!% !. *%$0 !.A
.!%$03!. !*@$(.!%$!08.!%*"(://!3%!!03//!.610.%0037$.!*  !.!..A
!%01*#+ !.1*#!*:#!* !+(5)!.%/0%+** !.2%070!*A*0!./!%0!G	%'!(LJKLH
(!%!*"+(#(%$1*!$0!0@%!/%/0!%*.1* =3.1)/%$ %!!/1(00!*%$0 %.!'0
1"  %! '(%*%/$! *3!* 1*# :!.0.#!* (//!*@ 	%*61 '+))0=  // %) 1*  !%*
'+),(!4!/ !$/!(/,%!( 2!./$%! !*/0!. !*/,.1$1*#!* 2+.$!../$0=  %!  1.$
)+ !((.0%#!!./1$/*+. *1*#!*1*)8#(%$ %* %$.!.7*6!!."//03!. !*'8**A
0!*@
+.0!%($"0 %/0 &! +$= // ":.6$(.!%$!!./1$/2+./$.%"0!*!.!%0/
A+.)!*
!4%/0%!.!*@ !/+* !./ $!.2+. 61 $!!* %/0 $%!.  %!
  
 NJNS)%0  !)%0!(
D:((1*#/A= .!/01.0%2! 1* !"!/0%#1*#/'1*/0/0+""!C@ .#!*%//! "+./$!* !. 
*/0%A
010%+*!*= %!/%$!!*"((/*$ %!/!*),"!$(1*#!*.%$0!*G#$!0(@LJJLH=
/%*  $!. #10)%0  !. 2+.(%!#!* !*.!%0 2!.#(!%$.@%!!.!%*/0%))1*# !.
&!3!%(%#!*!./1$/*+. *1*#!*%/0 &! +$/0!0/61,.:"!*= )*$!!./1$!(!A
 %#(%$ %**(!$*1*#* %!
A+.) 1.$#!":$.031. !*@ 
* 6!%0(%$'1.6!*A
/07* !* 1"!%** !. "+(#!* ! !./1$! !% /0!0/ #(!%$ (!%!* !* $)!*! %*A
#1*#!* G!..!%01*#/A 1*  )#!1*#/0!),!.01.= /!(! .:")/$%*!*= !0@H #!A
/000!*!%*!#10!!.#(!%$.'!%0 !.6!$*#!,.:"0!*+),+/%0!1*0!.!%** !.@
,&) %
 # % #

"
E:B:@ +.' "'*.,-:
1. !/0%))1*# 6$(.!%$!. )!$*%/$!. .)!0!. 31. !*  %! &!3!%(%#!* .:"A
'8.,!.":.LN$!%MQY%*-1 !/0@#!(#!.0@%!!%0/,**!63%/$!*.:"'8.,!.A
$!./0!((1*#1* !./1$/ 1.$":$.1*#%/0 !.)!$."$!/$.%!!*!*$$7.01*#
2+*+),+/%0!*#!/$1( !0G!..*!1* .'!.KSSL=( 5/!0(@KSSQ=#$
!0(@LJJL=
.%!!0(@LJJP=	!((3%#!0(@LJJSH@.0!6!%0!*2+*LN$$!*/%$!0A
(%!.0 G*0%.+&* !0 (@ LJJMH@ 3. /%*  +.( 2!..!%0!0!+),+/%0":((1*#!* /+"+.0
 !* %* %$.!. .#!6!%0 :(%$!* !(/01*#!* 1/#!/!060=  +$ %/0 !%*!!//1*#  !.
70 
)!$*%/$!*.)!0!.!./0*$LN$/%**2+((=  %!$$7.01*#!!*/+3%!%)
+./000"%* !0@
1"  %! #!.1*# %* ':*/0(%$!) ,!%$!( 31. ! 1/ 2!./$%! !*!* .:* !* 61
1*/0!*2+* !/0%((%!.0!)//!.2!.6%$0!0@ 1*!**!* %/0$%!.1*0!. * !.!) %!
"!$(!* ! 0* . %/%!.1*# 2+* ,!%$!(!./06)0!.%(%!*@  1.$ 3%.  !%*! !.A
#(!%$.'!%0  !. .#!*%//! )%0 * !.!* 1(%'0%+*!* !./$3!.0@  ,!%$!( 61
!03SSV1///!.!/0!$0G	!((3%#!0(@LJJSH/%* '1)/%#*%"%'*0!0!.%(A
!!%*"(1//1*#!* %) !.#(!%$ 61 -1  !/0@ !/$.%!!*=  %!  !* 61/706(%$!* 1"A
3* .!$0"!.0%#!*3:. !*@!/0%((%!.0!///!.$0/%$%*6$(.!%$!** !.!**A
0!./1$1*#!*!37$.0G!..*!1* .'!.KSSL=( 5/!0(@KSSQ=#$!0(@
LJJL=!!!.LJJNH= %!!%#!*!*.#!*%//!/%* /+)%0!//!.2!.#(!%$.@
!%  !. .+!*A#!.1*#31. !*  %!   1"0.!0!* !* ,	A$3*'1*#!* *%$0
!.:'/%$0%#0@ / "*  '!%*!%*/0!((1*# + !.!.,.:"1*# !/ ,	A!.0!/ /000@ 
*
 !.%0!.01./%* %*0.+.(!,	A!.$7(0*%//!"+(#!* !.9!*!/$.%!!*G	!((3%#
!0(@LJJSH?1$!/,!%$!(?,	P=Q>/0%)1(%!.0!,!%$!(/!'.!0%+*?,	Q=M
/%/0 $!.*$!(%!#!* = !*:(%$!.!%/!2+.$!../$!* !*,	A!.02+*Q*%$0
61 2!.7* !.*@ 3!%$1*#!* 0.!0!* (! %#(%$ %*  !* .(8/1*#!* 1"@ !/+* !./
""!! 1*  +03!%* /%*   ":. !'**0= /0.' /1!. 61 .!#%!.!*@ %!/!6:#(%$!
%*3%.'1*#!*1" %!+),+/%0!(!%!*1*!.:'/%$0%#0@:. %!!!%*"(1//1*#)!A
$*%/$!. .)!0!.  1.$ 1*0!./$%! (%$! 63@ /$3*'!* ! .+0+*!*'+*6!*0A
.0%+*!*/+3%!3!%$1*#!* !.7.!*!%#1*# 1.$/1.!/+ !./%/$!/%(%!1
)://0!*3!%0!.!*0!./1$1*#!*2!.*(//03!. !*@(%*%/$#%(0 %!/!/+* !./!%
 !. !0.$01*# 2+* %/%'+,0%!*0!*? !% 1*61.!%$!* !. 1* $5#%!*! %* !.%*A
 1*#)%0$+$".!-1!*0!.1"*$)!!/+* !./61'!.$(0%#!.$.1*# %/0!%*/0.'
/1.!.,	A!.0 !.(-1!612!.6!%$*!*G*$+10!!0(@KSSKH= !. %.!'01"!/A
01.0%+*1* $*!%*3%.'0@
E:B:A +.' 6+CA "&,,+
%!(3. !/= !%*!//!.1"*$)!  !. +),+/%0)0!.%(%!* %/ 61  !.!* 700%#1*#
/%$!.61/0!((!*@%!/3.!.!%0/*$NL#!* !.((1* 31. ! 1.$'+*0%*1A
%!.(%$ 1.$#!":$.0!!3%$0/)!//1*#!*!(!#0@%*!(7*#!.!//!.(#!.1*#=!03
":.SJ#!=3%!/%!2+**#!(%!/$.%!!*31. !=3. $!.*%$063%*#!* *80%#
G*#!(%LJKKH@%!(7*#!.".%/0%#!*1/3%.'1*#!*1" !*!.'/0+""/%* )%*%)(1* 
$00!*$8$/03$./$!%*(%$'!%*!*%*"(1//1"3!%0!.!.#!*%//!@%+(!0(@/0!((A
71 
0!* /+#. "!/0=  // +),+/%0! %**!* !%*!/ #!/ !.!%0/ QO V %$.!. )4%)(!*
//!./700%#1*# !..!%$0 $!* G%+$( 1*  !.$.  KSQOH@ %!/! $!/! '** $%!.
((!. %*#/*%$0!/070%#03!. !*@$LN$$!* %!.+!*%*!61#1"%$.!*A
4%)(3!.0 %) 1.$/$*%00 (! %#(%$ MM V //! 61#!*+))!*@ *#!(% #!(*#0! %*
%$.!**0!./1$1*#!* * !.(!* '+),+/%0!* 61 7$*(%$!* .#!*%//!*@ 1$  /
2+* 
$.!/$.%!!*!..!%$!* !.QOV.'!*$!03O#!* !'0 /%$)%0
 !*2+.(%!#!* !*0!*@G*#!(%LJKKH@
%!!.)%00!(0!*!3%$0/61*$)!*1*0!.(%!#!*!%*!.#!3%//!*=(!% !.*%$0-1*0%"%A
6%!..!* 1*  ":. &! !/ +),+/%0 2!./$%! !*!* *#!*1%#'!%0=  %! /%$ 3%! "+(#0
!#.:* !0?*$*  %2!./!.01 %!*=1*0!.* !.!)2+*+(5 +.+1+ !.1$!('
%/0!'**0= //#!3%//!!/0* 0!%(!!%*!.%*//!.#!(#!.0!*+),+/%0,.+!%*
8/1*# :!.#!$!* G!(' !0 (@ KSSS= +(5 +.+1 !0 (@ LJJQH@ %* 1/":$.(%$!/!A
2%!3 61  %!/!. .+(!)0%' 2!."//0!  %! .!%0/#.1,,! 1) 2* * 150@ . "//0!
61/))!*= ///+3+$(+*+)!.!(/1$%*7$*(%$!*+ !.#.89!.!*!*#!*2!.A
/$%! !*/0!   %0%2 %* 8/1*# :!. #!$!*@ 1*0%00%2! *#!* !."+(#0!* %*+(
,.+.+!*+!."(7$!63@.+!*2+(1)!*G** 150!0(@LJKKH@%!#!)!//!*!
!3%$0/7* !.1*# GI)H %/0 /+)%0  %! 1))!1/ /+(10!.//!.1"*$)! G)61H
6:#(%$ !.$!.1/#!(8/0!**0!%(!G)H@
I)W)61A)
1/2!./1$/0!$*%/$!*.:* !**1. %!00/7$(%$!!3%$0/7* !.1*#I)!.A
"//0 3!. !* '+**0!= %/0  %! 1"#!*+))!*! //!.)!*#! 1) !%*!* F3!** 1$
'(!%*!*F*%$061!6%""!.* !*'0+.G)H$8$!.@/*!$)!* !.//!!%*%#!.
+),+/%0! G6@@ .* %+H #!#!* * !  !. !+$01*#/6!%0 (7//0 /%$)8#(%$!.
!%/!)%0 !*!/$.%!!*!*8/1*#/2+.#7*#!*2+*+),+/%0A!/0* 0!%(!*!.'(7A
.!*@!.//!2!.(1/0'8**0!* !.!./!%0/!.1$(! %#(%$ 1.$$3*'1*#!*
 !.#!! %*#0 /!%*= !.!*1"(8/1*#//$7."!!% /+#!.%*#!*!3%$0/ %""!.!*A
6!* 1*#!*1 3%. @ %! %*  !. 
A+.) #!"+. !.0!* .!*63!.0! !%*!. )4%)(!*
//!.1"*$)!2+*NJZ#E))M'+**0!*/0!0/,.+(!)(+/!%*#!$(0!*3!. !*@
E:B:B&)+-.+%,-0!,%
%!!),!.01.(/03!$/!(/%)1(%!.!* %! %*0.+.(1"!%*!:((1*#3%.'!* !*!A
(/01*#!*!%1"*$)!!/+* !./$!%9!.+ !.'(0!.,!%/!*1* !0.7*'!@1 %!A
/!)3!'31. !!%*!),!.01.!.!%$63%/$!*O1* OOY#!37$(0@!./$%! !A
*!10+.!**106!* %!/!6:#(%$7$*(%$!!),!.01.!.!%$!G+).+3/'5LJJPH@
72 
++.! !0 (@ "* !* 37$.!*  !%*!. %*0.+.(!* LNA01* !*A!//1*# * !%*!) 
*A
%/%21/ !),!.01.!* 63%/$!* O=P 1*  OR=O Y G++.! !0 (@ KSSSH=3/  !)$%!.
2!.3!* !0!* 
*0!.2(( **7$!.*  !*0/,.%$0@ /31. !* ((!. %*#/ 1$3!%0!. #!A
"//0!!.!%$!!/$.%!!*=3+!%!),!.01.!*2+*ALY%/!03RJYG"!%""!.
KSRSH/%$!.(%$!/+* !.!40.!)/%010%+*!* !.$.1*#/1"*$)! ./0!((!*@
*0!. !)	%*0!.#.1* */$1(%$!.#!*%//!61!.$(0!*=31. ! !*.+!*)%0
LO@JJJ5'(!*!%*!/!$.#.+9!!(/01*#61#!)10!0@
** !.!*.!%0!*3!. !* %!
.:"'8.,!. )%0 O@JJJ !),!.01.(/03!$/!(* 3!/!*0(%$ 3!*%#!. /0.,6%!.0
G+).+3/'5LJJPH@ 
**0!./1$1*#!*61.%0*A!.)%'A!.1* "!/0%#'!%031.A
 !*((!. %*#/)%0%/61RJ@JJJ1$!*0/$!% !* )!$.!$/!((/0!* 1.$A
#!":$.0 G++.)** !0 (@ LJJJH@  /%$ 1/ !%*!. !/0%))0!* *6$( 2+* !(/A
01*#/65'(!* 1"#.1*  1*0!./$%! (%$!. //#!3+$*$!%0!* '!%*! !*0/,.!$!* ! %*0A
.+.(! !.3!%( 1!. !%*!. :((1*# (!%0!* (7//0 G8!( 1*  !('!. KSSPH= /0!$0
*%$0 %!#!*1!*6$(2+*!$/!((/0!*=/+* !.* %!%*0!.*!!.#(!%$.'!%0 !.
.#!*%//!%)+. !.#.1* @
(/! %1) ":.  %! !),!.01.3!$/!((/0!*31. ! *%$0 !/0%((%!.0!///!. 2!.A
3!* !0@%.!'0!*!#0%2!%*"(://!  1.$31. !**%$0!+$0!0@/%( !0!*/%$
1"  !* .+!* (! %#(%$ 2!.!%*6!(0 1"0.!0!* != ('(#!.1*#!*=  %! &! +$ 1"A
#.1* %$.!./!$.#!.%*#!*$%$0 %'!1* 0$!+.!0%/$!.3%/$.'!%0'!%*!*%*A
"(1//1" %!3!%0!.!*.#!*%//!$!*/+((0!*@
1/706(%$61 !*!),!.01.!(/01*#!*%/01*0!.!.:'/%$0%#1*# !..#!*%//!
":. %!//!.(#!.1*#37$.!*  !/!03KJ#!* 1!.* !*!./1$/ 1.$(1A
"!/)%061/706(%$!*!":#!2!.7* !.1*#!* 1.$ !*"+.037$.!* !*//!.'+*0'0
61 .!$*!*@ %! .+!* /%* = !0.$0!0 )*  %! .#!*%//!  !. //!.(#!.1*#=
37$.!*  !."+(#!* !*)!$*%/$!*.:"1*#!*/$+**$!612+((/07* %#)%0/A
/!.#!/700%#0@
E:B:C4+&"'
!%  !. !."7.1*#/*!%#1*# $* !(0 !/ /%$ #.1* /706(%$ 1) !%*!* /!$. 0$!+.!0%A
/$!* !./1$/1"1=  !//!* .#!*%//! *1. ! %*#0 1" !%*! '(%*%/$! %010%+*
:!.0.#. /%* @ %! 7.!)! %!* $!* 63. :!.3%!#!*  '(%*%/$! !(!2*6=
 +$ (7//0 /%$ %!!."7.1*#!%*!.:((1*# 1.$ !*)!%/01*.!#!()79%#!*+*A
/1)!/0%))0!.="7.!* !.$.1*#/)%00!(2+. !)	%*0!.#.1* 6$(.!%$!.!!*A
!%*"(://!G1* $5#%!*!=.!-1!*6 !.1"*$)!= %*0.+.(!!.3!%( 1!.=!0@H*1.
73 
/$3!./%)1(%!.!*@!%0!.$%*(!%!*!),!.01.!%*"(://!G!03!.6!$.0!),!.01.
2+*""!!3!%0:!.MQ YH!!*/+3%! /$3*'!* !,	A!.0!+ !.* !.3!%0%#!
$!)%/$!%*3%.'1*#!*1*!$0!0@
/ !4%/0%!.0 '!%*! !%*$!%0(%$! %$0(%*%! + !. !."$.!*/*3!%/1*# ":.  %! !/0%)A
)1*# !../0%(%070!%+),+/%0!*@1.!//!.!*!.#(!%$.'!%0$!*/%$%*
 !. !*!.+(%'(%*%' ":. $*7.60(%$!.+0$!0%' 1* !.'/0+""'1* ! !%*%#! 7.!A
)! %!*%*'(1/%2!!*0/,.!$!* !.#!.1*#/)!0$+ !*!0(%!.0?/2+.#!/0!((0!!.A
"$.!* 31. ! !.!%0/ %* 6$(.!%$!* %//!.00%+*!* *#!3* 0 G+$%) KSSK=
+)+('LJJM=01"!*%!(LJJO=*#!(%LJKKH@
1.$  / #!37$(0! +.#!$!*)%0 !*0/,.!$!* !* .)!0!.* (//!* /%$ !% 2!.A
0.!0.!) 1"3*  */$1(%$! .#!*%//! !.6%!(!*= 3!($! $1/%*0!.* #10 2!.A
#(!%$./%* @
,&*! 
E:C:@(%2&+",-"(',,!+.&).' 
/ !4%/0%!.0 !%*! %!(6$( 2+* !."$.!* 61. !/0%))1*#  !. +(5)!.%/0%+*/A
/$.1),"1*#G!**!.LJJMH@
%!%* !.2+.(%!#!* !*.!%02!.3!* !0!!0$+ !31. !!.!%0/!."+(#.!%$*#!A
3* 0G$(!0(@LJJOH1* (7//0/%$)!$!/0!*)%0 !)2+*00/!0(%!.0!*!.A
"$.!* !.D !"(!0%+* %/)!0$+ C2!.#(!%$!*G00/1* /$KSSKH@%*!*0/$!%A
 !* !.+.0!%(  %!/!/ !(!'0.+*%/$!*!//2!."$.!*/#!#!*:!.* !.!*!0$+ !*
%/0%* !.8#(%$'!%061.'+*0%*1%!.(%$!*1"6!%$*1*# !/$.1),"1*#/2+.#*#/
61/!$!*@%*! %!/!6:#(%$!!0.$01*#1* 1/3!.01*#3:. ! !*$)!* %!A
/!..!%0((!. %*#//,.!*#!*@19!. !)%/0 %!!0$+ !3!*%#!.*"7((%##!#!*:!.
!),!.01./$3*'1*#!* (/ !/ !% "(://%#'!%0//%!.0!* !."$.!*  !. (( 37.!@
.#!*%/ !.!//1*# %/0!%*!7*#!* %""!.!*6= %!/%$ %*!%*!*,.+6!*01(!*!.0
1)3* !(* (7//0=3!($!. *$10+.!**#!* G00/ 1* /$KSSKH3%! !.1)
,.+,+.0%+*(61.+(1)!*/$.1),"1*#%/0@

* %!/!)((!6%!$!*/%$ %!	!./0!((!.*#!*61.+(5)!.%/0%+*//$.1),"1*#
!%*!/+),+/%0/!03/$71"%#!.1" /+(1)!*(/1" %!7*#!@%*!'(.!!*A
 !*6%/0&! +$%*/#!/)0*%$0!.'!**.@1$(7//0/%$":.'!%*! !.!% !*8#A
(%$'!%0!* !%*! $8$!.! '(%*%/$! !(!2*6 "!/0$(0!*? 7$.!*  !%  !. (%*!.!*
74 
$.1),"1*# %!	8'!.A!."+.)1*#0$!+.!0%/$!//!.2+.$!./!$.%/0=/$!%*0 %!
2+(1)!*!6+#!*!$.1),"1*#!$!.#!!%#*!0=1)1//#!*:!. %!!/)0$!%0 !.
2%070610.!""!*@
/31. !)%0NOJE)T!31//0!%*!%)!.#(!%$61)+ !.*!*+(5)!.%/0%+*/A
(),!*.!(0%2*%! .%#!%$0(!%/01*#!%(*#!.!/0.$(1*#/ 1!.2+*NJ/#!37$(0=
1)  !* 6!%0(%$!* !.(1"  !. +*0.'0%+* #."%/$ #10  ./0!((!* 61 '8**!*@ %!
63!%)%*:0%#!!//1*#31. !1*)%00!(. 2+.+(5)!.%/0%+*/!#%** #!/0.0!0@ +A
)%0 '+**0!* 1$ *$ * !  !. !(%$01*#/6!%0 /000"%* !* ! 	8$!*A 63@ +(1A
)!*7* !.1*#!*.!#%/0.%!.03!. !*@
*$*   !.  1.$/$*%00(%$!* +(5)!.%/0%+*//$.1),"1*# 2+* K=M V (7//0 /%$
"!/0/0!((!*=  // !% '01!((!*+),+/%0! !/+* !./ %)!.#(!%$ 61 .+ 1'0!* 1/
 !*(!060!*$.!* %!/!6:#(%$!%*!/!$.,+/%0%2!*03%'(1*#612!.6!%$*!*%/0@
E:C:A.+!!4+--"
%!!/0%))1*#  !.1.$$7.0!0%!"! !."+(#0!= %* !)+),+/%0 %* !%*!. !"(+*"+.)
1/!%*!)/0* 2+*L)),+(5)!.%/%!.031. !@%*6!($!%0!*$%!.61/%*  !)A
,%0!(0!.%(1* !0$+ !61!*0*!$)!*@:. %!
*0!*/%070//$37$1*#1" !.
0.!'! 63%/$!* %$01/0.%00/8""*1*# 1*  .+!*+!."(7$! 31. ! *!!* !%*!.
(%*!.!* /$37$1*#  !. %$0%*0!*/%070 G!**!00 1*  00/ LJJNH 1$  %!
1.$$7.01*#2+*.+!*'8.,!.*1*0!./1$0G+ !!0(@LJJQH@%!(!%*!.+,0%)(!*
+(5)!.%/0%+* %/0 !/ !)*$= !*/0* /+#!.%*#3%!)8#(%$=1*! %*#0!.
'(!%*!.(/M))61$(0!*@$!%#!*!*!+$01*#!*/%*  %!2!./1$//!%0%##!A
37$(0!*L))'(%*%/$%* !*)!%/0!*7((!**+$.!(%/%!..@%* %.!'0!/1"/!06!*
 !.%$01/0.%00/-1!((!1" /0!.%(=3%!!/%* !*
A+.#!*#!"+. !.03%. =
%/0 (/ '(%*%/$ *%$0 ,.'0%'!( 61 !3!.0!*@ 
*  !. +./$1*#3%.  %/ &!060 '!%*
#!*!.!(( !%*$!%0(%$!./0*  #!*1060@!!*  !) %.!'0!*1"/!06!*  !/ %$0(!%A
0!./1" /G"+(%!*! !'0!H0!.%(G*!0(@LJJLH3!. !*6$(.!%$!* !.!A
/07* !!/$.%!!*G1!##!!.#1* +. *KSSMH@
1$ ":. / (!%$0 1.$/$!%*!* !=3!%9!!"(+*)0!.%(3%. 1"#.1*  !.+,0%A
/$!*$*7$*(%$'!%0!%*!$8$!.!'(%*%/$!!(!2*6*#!*+))!*=(//%$1/ !.
!.3!* 1*# 2+* !0((A+.)!* !.#!!* 3:. !=  %! * !.! 10+.!* :!.3%!#!* 
*106!*G* 0!0(@LJJJ=!**!001* 00/LJJN=/%!0(@LJJNH@
%!%* !.
A+.)!/$.%!!*!.06A!0$+ !61.!/0%))1*# !.1.$$7.0!A
0%!"!$0/%$(/3!*%#,.'0%'!(1* /!$."!$(!.*"7((%#!.3%!/!*@((!%* !.2+)
75 
*0!./1$!. 1"#!.$0! ."01"3*  /+3%!  %! $7."!  !/ ,0!(/ !.#!* !%*
!*+.)!/ !$(!.,+0!*0%(@	%*61 '+))0=  // 0!%(3!%/! '!%* $+)+#!*!.0!.%(A
0.#= /+* !.*2%!()!$.!%*.8'!(*+$*! %!$""1*#!%*!. !!*!*!."(7$!
61!+$0!* %/0@ !,.7/!*00%2!.!.#!*%//! '8**!* 1.$ %!!.)!//1*#)%0A
0!(/!*!0.+)!0!.!.6%!(03!. !*@3+$(!%*!+..!(0%+*!% !.!."$.!**#!#!A
!*31. ! G+1,%/ !0 (@ LJJNH /!$!*1$* !.!10+.!* %!.06A!0$+ !'.%A
0%/$G* 0!0(@LJJJH1* "2+.%/%!.0!* %!+(5)!.%/0%+*/0%!"!*!/0%))1*#)%0A
0!(/ !*!0.+)!0!. G	..%*#0+* 1* %(/+* KSSM= $+.0(( !0 (@ KSSO= !**!00 1* 
00/LJJN=$(!0(@LJJNH@/%/0&! +$*%$0!* #:(0%#"!/0#!(!#0=3!($!.1/0* 
(/ #!. ! *+$ D,+(5)!.%/%!.0C #%(0@ $7*#%# %/0  %!/! .89! 2+*  !. 3%.'!* !*
."0 ,.+1!./$*%00/"(7$!  !/ !(/0!* !* !*!0.+)!0!./@ %!/!. !*0/,.!$!* !
.1' !0.7#0 %) 2+.(%!#!* !* (( K=LOE))L@!. %*  !.
A+.) !),"+$(!*!
	7.0!2!.#(!%$2+*%$061A1* #!3* 0!.!%0! !/.:"'8.,!./"* *%$0/000@
	%!.*$#%(0 /0!.%((/ 1.$,+(5)!.%/%!.0=3!** %!	7.0!)+ !*RJV !.
	7.0!1" !.(%$061#!3* 0!*!%0!!0.7#0@
E:C:B+" +6$5+)+
1.+(5)!.%/0%+* !..:"'8.,!.%)((#!)!%*!*3%. %* !.
A+.)G
LJJJH
2+.#!/$(#!*=  %! .+!* %* /%$ :!.(,,!* !* /$*%00!* )%0 '+*2!*0%+*!((!*
	* A+(5)!.%/0%+*/(),!* 61 $7.0!*@ !* '01!((!*= ,.4%/.!(!2*0!* 0*   !.
%*#! /0!((0  !%  %! 1/$7.01*# )%0 A),!*  !.  .%00!* !*!.0%+*  .
G1!##!!.#LJKKH@%.#0 %!/!/!."$.!*&! +$!/+* !./!%!0.$01*#
 !. $.1),"1*#/$.'0!.%/0%' !%*%#! $0!%(! #!#!*:!.  !. !%*6!%0%#!* +(5A
)!.%/0%+*G(%*!0(@LJJOH@
* %!/!.0/$!!#.:* !0/%$ %!3!%$1*#2+*
 !*
A+.#!* 1.$ %!*3!* 1*# !/!*0+(+.A!.70!/@/$* !(0/%$
 !%1)!%*+(5)!.%/0%+*/#!.70":.6$*0!$*%/$!3!'!63@ !*%*A
/06@ %$0$7.0!* ! 0!.%(%!* 3!. !* %*  !. #!/$(+//!*!* +(5)!.%/0%+*/')A
)!. ((/!%0%# )%0 3!%0!/0#!$!*  #(!%$)79%#!. 
*0!*/%070 !/0.$(0@ %! .:"'8.,!.
/%*   1.$/!$.$+)+#!*,+(5)!.%/%!.0@
%! .!/1(0%!.!* !1(%070  !.+(5)!.%/0%+*$%*/%$0(%$1!. %*!.%* 1*#)%0
%$0(!%/01*#:!./0!%#0 %!#!"+. !.0!*	!./0!((!.2+.#!*/+)%0!*+.)@1.$ %!
1"!%** !."+(#!* !1/$7.01*#2+*.+!*+!.A1* *0!./!%0!%/0!%*! !"%*%0%2!
1.$$7.01*# ((!. .+ 1'0! 63!%"!(/".!% /%$!.#!/0!((0@ 0%(%070/!%*19!*  1.$
+(5)!.%/0%+*/ !"%6%0!G*!0(@LJJLH'8**!*/%$!.1/#!/$(+//!*3!. !*@
76 
,&+
E:D:@' '+	+,-%%+"&+ %"!&"-" ''+ '",,'
TABELLE 19: Ausgewählte Herstellerangaben im Vergleich mit eigenen Messwerten 
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